Objective: To describe the rationale and design of PATRO Adults, a postmarketing surveillance study of the long-term efficacy and safety of somatropin (Omnitrope ® ) for the treatment of adult patients with growth hormone deficiency (GHD). Methods: PATRO Adults is an observational, multicentre, open, longitudinal, noninterventional study being conducted in hospitals and specialized endocrinology clinics across several European countries. The primary objective is to assess the safety and efficacy of Omnitrope ® in adults treated in routine clinical practice. Eligible patients are male or female adults who are receiving treatment with Omnitrope ® and who have provided informed consent. Patients who have been treated with another human growth hormone (hGH) product before starting Omnitrope ® therapy will also be eligible for inclusion. Efficacy assessments will be based on the analysis of the following: insulin-like growth factor-1 levels within age-and gender-adjusted normal ranges; anthropometric measures (weight, waist circumference, total fat mass, lean body mass, total body water); bone mineral density; lipids; effects on cardiovascular risk factors such as glucose metabolism, blood pressure and inflammatory markers (e.g. C-reactive protein); and quality of life. All adverse events will be monitored and recorded. Particular emphasis will be placed on long-term safety, the recording of malignancies, the occurrence and clinical impact of antirecombinant hGH antibodies, the incidence, severity and duration of hyperglycaemia, and the development of diabetes during treatment with Omnitrope ® .
Introduction
Growth hormone (GH) deficiency (GHD) is a well-recognized clinical entity in adults that results in abnormalities in substrate metabolism, body composition, physical and psychosocial function [Ho, 2007] . Adult GHD can persist from childhood or be newly acquired [Molitch et al. 2011] . Newly acquired GHD in adults is most often a result of structural lesions or trauma, or can in very rare cases be idiopathic.
All adults with documented severe GHD are eligible for GH replacement therapy, and the goals of treatment are to correct the metabolic, functional and psychological abnormalities associated with adult GHD [Ho, 2007; Molitch et al. 2011] . Demonstrated benefits of GH replacement therapy include improvements in body composition, exercise capacity, skeletal integrity, blood lipid profile and quality of life [Molitch et al. 2011] .
Clinical practice guidelines are available for the diagnosis and treatment of adults with GHD [Ho, 2007; Molitch et al. 2011] . Both sets of guidelines recommend individualized rather than weightbased GH dosing regimens, with doses guided by serum insulin-like growth factor-1 (IGF-1) levels and the presence or absence of adverse effects. Monitoring of biochemistry, body composition and quality of life is also advised in order to assess response to treatment [Ho, 2007] .
The assessment of clinical practice guidelines is that the risks associated with GH therapy are low [Molitch et al. 2011 ]. Nevertheless, extended clinical studies are needed to confirm the longterm safety of this therapy in routine clinical practice, particularly with regard to diabetogenic potential. A number of recombinant human growth hormone (hGH) products are approved for the treatment of adult GHD, including Omnitrope ® (somatropin, Sandoz Biopharmaceuticals). Omnitrope ® is a biosimilar medicine, approved by the European Medicines Agency (EMA) in 2007 on the basis of comparable quality, safety and efficacy to the reference product, Genotropin ® (Pfizer) [EMA, 2008a] . This manuscript describes the rationale and design of PATRO Adults, a postmarketing surveillance study of the long-term efficacy and safety of somatropin (Omnitrope ® ) for the treatment of adult patients with GHD. The study is part of the postapproval pharmacovigilance plan for Omnitrope ® , and therefore fulfils the regulatory obligations of the study sponsor. It will also extend the safety database for Omnitrope ® , as well as contributing to the available data for all recombinant hGH products.
Study design
PATRO Adults is an observational, multicentre, open, longitudinal, noninterventional study. The study is being conducted in hospitals and specialised endocrinology clinics across several European countries. All physicians prescribing Omnitrope ® in participating countries will be invited to enrol patients into the study. The primary objective is to collect and analyse data on the safety and efficacy of Omnitrope ® in adults treated in routine clinical practice, with particular emphasis on the risk of glucose intolerance or diabetes and normalization of IGF-1 levels.
The treated population will also be monitored for other safety and efficacy issues related to Omnitrope ® treatment, including: occurrence of malignancies and recurrence of pituitary/ hypothalamic tumours; effects on cardiovascular risk factors related to GHD; effects on body composition; effects on parameters of bone metabolism related to GHD; quality of life; characteristics of adult patients treated with Omnitrope ® (e.g. age, gender); and characteristics of Omnitrope ® treatment in adults (e.g. posology).
Study population
Eligible patients will be male or female (minimum age 15 years) who are receiving treatment with Omnitrope ® and who have provided informed consent. Patients who have been treated with another hGH product before starting Omnitrope ® therapy will also be eligible for inclusion.
The minimum enrolment target is 1500 patients. As GHD in adults is a rare disease, it will not be possible to include thousands of patients in a few years. Therefore, this target is based on the minimum recommended size of a premarketing safety database for products intended for longterm treatment of non-life-threatening conditions [FDA, 2005] , using the rule of three in order to be able to estimate an incidence of adverse events (AEs) of 4/10,000 people-years [Eypasch et al. 1995] .
Treatment
Included patients will receive Omnitrope ® treatment in accordance with the recommendations in the Summary of Product Characteristics, including contraindications, special warnings and precautions [EMA, 2008b] . If treatment is interrupted, all data generated before and after the interruption will be included in the analysis, and the reason(s) for the interruption will be recorded. Should treatment be discontinued, all data generated up to the time of discontinuation will be included in the analysis, and the reason(s) for discontinuation will be recorded. All concomitant therapy (dose, date of administration and reason for use) will also be recorded in the case report form (CRF).
Visit schedule and assessments
All visits, tests and assessments will be performed as part of routine clinical practice; no additional or specific visits, tests or assessments are required as part of the study. Data will be collected during each routine visit during treatment with Omnitrope ® ; in some countries data will be collected after treatment with Omnitrope ® has been stopped. For all patients included in the study, all available data (visits, laboratory data, findings from examinations, etc.) will be recorded in a CRF twice a year. Table 1 lists the tests and assessments that will be performed at visit 1 (the start of Omnitrope ® treatment), and at subsequent visits if performed as part of routine clinical practice.
Efficacy assessments
Adult GHD typically presents with alterations in body composition, including reduced lean body mass and bone mineral density, and increased fat mass with a preponderance of abdominal adiposity. Muscle strength and exercise capacity is reduced, and an impaired sense of well-being and other psychological complaints are common. Efficacy assessments will therefore be based on analysis of the following: IGF-1 levels within ageand gender-adjusted normal ranges; anthropometric measures (weight, waist circumference, total fat mass, lean body mass, total body water); bone mineral density; lipids; effects on cardiovascular risk factors such as glucose metabolism, blood pressure and inflammatory markers (e.g. C-reactive protein); and quality of life (in particular participating countries). In addition, collected data will be evaluated for information on compliance with Omnitrope ® treatment and patient characteristics associated with a good response to treatment.
Safety assessments
All AEs, including serious AEs, will be monitored and recorded. Particular emphasis will be placed on long-term safety, the recording of malignancies and recurrence of hypothalamic-pituitary tumours, the occurrence and clinical impact of antirecombinant hGH antibodies, the incidence, severity and duration of hyperglycaemia, and the development of diabetes during treatment with Omnitrope ® .
Data collection and analysis
Investigators will enter data from source documents into a web-based electronic data collection (EDC) system (Figure 1) . All eCRFs will be reviewed by the responsible physician, and centralized monitoring will be performed by a contract research organization. The state-of-the-art EDC system is easy to use and navigate, with entered data saved automatically. The system also includes automatic data checks to assure the quality of collected data; any data entered that is outside of the expected range for a particular category is automatically queried by the system. Other features of the system include automatic recognition of the presence of the metabolic syndrome based on entered values for the different components (waist circumference, blood lipids, blood pressure and fasting plasma glucose). In addition, if the indication for administration of a concomitant medication is a possible AE, the system automatically requests information on the event.
All enrolled patients who have received at least one dose of Omnitrope ® will be included in the safety and efficacy analyses. Descriptive statistics will be used to describe continuous parameters (e.g. age, weight, waist circumference) and categorical parameters (e.g. gender). Poisson distribution will be used to assess the diabetogenic potential of GH, the occurrence of malignancies, and the incidence of other relevant AEs.
Discussion
PATRO Adults is a postmarketing surveillance study designed to prospectively record the safety and efficacy of long-term Omnitrope ® treatment in adults in the setting of routine clinical practice. The possible relationship between GH treatment and the development of diabetes mellitus (DM) is an important safety aspect of replacement therapy. A sixfold increase in the incidence of type 2 DM (T2DM) has been reported in a large study of paediatric patients receiving GH treatment, with the authors proposing that GH treatment may accelerate the onset of diabetes in predisposed individuals [Cutfield et al. 2000] . Adults with GHD also present with metabolic abnormalities that resemble those of the metabolic syndrome [Johansson and Bengtsson, 1999] , which itself is a strong predictor of T2DM risk. Data from other surveillance studies of patients treated with recombinant hGH indicate that the prevalence of the metabolic syndrome is higher in GHD patients (40-50%) than in the general population (20-30%) [Attanasio et al. 2010; Verhelst et al. 2011] . In one study, while prevalence was unaffected by GH replacement therapy, baseline metabolic syndrome status or obesity were strong predictors of the metabolic syndrome after 3 years of GH treatment [Attanasio et al. 2010] . Conversely, GH replacement reduces abdominal fat mass and may therefore improve insulin resistance and glucose homeostasis in adult patients with GHD [Monson et al. 2000 ]. This has been documented in some studies [Svensson et al. 2002] but not in others [Arwert et al. 2005] . More recently, an increased risk of T2DM has been reported in adult GHD patients receiving GH replacement therapy [Attanasio et al. 2011] ; consistent with the data from paediatric patients, the increased risk appeared to be related to a predisposition to diabetes (e.g. presence of the metabolic syndrome or obesity) rather than GH therapy per se. The PATRO Adults study should provide additional insight into the relationship between GH therapy in adults with GHD and the development of diabetes.
Both GH and IGF-1 have mitogenic properties. Therefore, another potential concern with GH therapy is the risk of malignant disease, either recurrence/regrowth of hypothalamic-pituitary tumours responsible for most of the hypopituitarism seen in patients with adult-onset GHD, or the development of de novo malignancies. Data from several relatively small studies suggest that GH replacement therapy does not increase the risk of recurrence or regrowth of hypothalamic-pituitary tumours [Hatrick et al. 2002; Frajese et al. 2001; Jostel et al. 2005; Arnold et al. 2009] . A case-control study of 55 matched pairs followed for at least 5 years also found no evidence of tumour recurrence or regrowth in patients receiving GH therapy [Buchfelder et al. 2007] . PATRO Adults, with its larger patient cohort and longer duration of follow up, will provide additional important information on the risk of tumour regrowth and recurrence.
Similarly, there is no evidence that GH replacement therapy in adults increases the risk of de novo malignancy or recurrence of other (nonhypothalamic-pituitary) tumours [Svensson and Bengtsson, 2009; Child et al. 2011 ]. Again, data from studies with longer-term follow up are needed before firmer conclusions about the longterm risk can be made, and PATRO Adults will provide important information in this regard.
In summary, PATRO Adults is a large, longterm, postmarketing surveillance study that will extend the safety database for Omnitrope ® , as well as contributing to the available data for all recombinant hGH products. Of particular interest, the study will provide important data on the impact of long-term GH replacement therapy on the development of DM, the recurrence/ regrowth of hypothalamic-pituitary tumours, and de novo malignancy or recurrence of other (non-hypothalamic-pituitary) tumours.
